We propose a left-right model of quarks and leptons based on the gauge group
In the standard model of electroweak interactions, neutrinos are massless. On the other hand, recent experimental data on atmospheric [1] and solar [2] neutrinos indicate strongly that they are massive and mix with one another [3] . To allow neutrinos to be massive theoretically, the starting point is the observation of Weinberg [4] over 20 years ago that a unique dimension-five operator exists in the standard model, i.e.
which generates a Majorana neutrino mass matrix given by
where v is the vacuum expectation value of φ 0 . This also shows that whatever the underlying mechanism for the Majorana neutrino mass, it has to be "seesaw" in character, i.e. v 2 divided
by a large mass [5] .
If the particle content of the standard model is extended to include left-right symmetry [6] , then the gauge group becomes
diagonal generators satisfy the charge relationship
Quarks and leptons transform as
where a new fermion, i.e. N R , has been added in order that the left-right symmetry be maintained.
In all previous left-right models, a scalar bidoublet transforming as (1, 2, 2, 0) is then included for the obvious reason that we want masses for the quarks and leptons. Suppose however that we are only interested in the spontaneous breaking of SU (2 
Suppose we now do not admit any other scalar multiplet. This is analogous to the situation in the standard model, where SU(2) L × U(1) Y is spontaneously broken down to U(1) em by a Higgs doublet and we do not admit any other scalar multiplet. In that case, we find that quark and charged-lepton masses are automatically generated by the existing Higgs doublet, but neutrinos obtain Majorana masses only through the dimension-five operator of Eq. (1).
In our case, in the absence of the bidoublet, all fermion masses, be they Majorana or Dirac, must now have their origin in dimension-five operators, as shown below.
Using Eqs. (4) to (9), it is clear that
and
are invariants under G LR . Hence we have the dimension-five operators given by
which will generate Majorana neutrino masses proportional to v
and the corresponding dimension-five operators which will generate Dirac masses for all the quarks and charged leptons.
From Eq. (13), it is clear that
hence ν L gets a double seesaw [7] mass of order
which is much larger than v 
Since the Dirac masses of quarks and charged leptons are also given by Eq. (14), v R cannot be much below Λ D . This means that SU(2) R × U(1) B−L is broken at a very high scale to U(1) Y , and our model at low energy is just the standard model. We do however have the extra singlet neutrinos N R with masses of order v 2 R /Λ M , i.e. below 10 13 GeV, which are useful for leptogenesis, as is well-known [8] .
For m t = 174.3 ± 5.1 GeV, we need v R /Λ D to be of order unity in Eq. (14). One may wonder in that case whether we can still write Eq. (13) as an effective operator. The answer is yes, as can be seen with the following specific example. Consider the singlets
is given by
which is in the form of Eq. (14) even if v R /M U ∼ 1.
A possible variant of our proposal is to add dimension-six operators, so that we can invoke the Bardeen-Hill-Lindner (BHL) dynamical mechanism [9] with a cutoff scale equal to Λ D .
We may assume that the effective dynamical BHL Higgs doublet [call it Φ 1 = (φ
couples only to the top quark, whereas our fundamental Φ L [call it Φ 2 ] couples to all quarks and leptons. We thus have a specific two-Higgs-doublet model [10] with experimentally verifiable phenomenology, as described below.
Since the BHL model predicts m t = 226 GeV for Λ D = 10 16 GeV, the effective Yukawa
and for tan β = v 2 /v 1 , we have
t sin β)(174 GeV).
This shows that, with a second Higgs doublet, the correct value of m t may be obtained. 
where t ′ L,R are the original entries in the u, c, t mass matrix before diagonalization to obtain the mass eigenstates. We thus expect contributions to, say D −D mixing, beyond that of the standard model. Let
where the ǫ parameters are at most of order f
where m is produced at a future collider, its decay will also be a test of this model. Its dominant decay is still bb, but its subdominant decays will not just be cc and τ − τ + , but also cū and uc. There should be observable D ± π ∓ final states, for example.
In conclusion, we have proposed a truly minimal
gauge model, with the simplest possible Higgs sector. All fermion masses, be they Majorana or Dirac, have a common origin, i.e. dimension-five operators. Whereas Dirac fermions have masses at the electroweak scale, the observed neutrinos have naturally small Majorana masses from a double seesaw mechanism. The existence of singlet right-handed neutrinos with masses in the range 10 9 to 10 13 GeV are required, and their decays establish a lepton asymmetry which is converted at the electroweak phase transition to the present observed baryon asymmetry of the Universe.
Since our proposed model is identical to the standard model below 10 16 GeV (except for the N R 's), the usual predictions of the latter also apply, including the expected occurrence of proton decay and neutron-antineutron oscillations from higher-dimensional operators due to new physics at or above 10 16 GeV.
In the presence of dimension-six operators, we may invoke the Bardeen-Hill-Lindner mechanism to generate a dynamical Higgs doublet which renders the top quark massive.
Since we also have a fundamental Higgs doublet, this allows us to have a realistic m t (which is not possible in the minimal BHL model) and an effective two-doublet Higgs sector at the electroweak scale with distinctive and experimentally verifiable flavor-changing phenomena.
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